communication from scientists to the public and gives prominence to the public uptake and appreciation of science. On the other hand, the interactive, reflexive model urges more public participation at an upstream stage where science is in the making, so to speak. 8 The latter includes the call for getting scientists more involved in public dialogue.
These two notions are also at play in the national context of this survey, i.e. the new Act on Universities from 2003 that establishes science communication as a third obligation for university scientists on an equal footing with research and teaching. 9 The obligation to communicate science to the public comprises two different types of science communication:
1. The "canonical" obligation is described as an obligation to "disseminate knowledge of scientific methods and results" ( § 2.1) 2. The "interactive" obligation obligates the university -as a central knowledge-based and cultural repository -to "exchange knowledge and competencies with society and encourage its employees to take part in the public debate" ( § 2.
3) The first obligation reflects the canonical understanding of the relationship between science and the public. Centred on scientific knowledge production and dissemination, it appeals to research policy-makers and university administrators as it does scientists. It is easily carried into effect by employing communication officers and by training scientists to communicate their research to the media. The interactive obligation is based on a more complex understanding of the university as knowledge and culture-based and of the relations between universities and society. It might therefore be more difficult to realize for institutions and for individual scientists in particular. Consequently, the survey reported here took the canonical obligation as its point of departure, but more implicitly, also included the interactive obligation.
Following the enactment of the Act on Universities, the Ministry of Science appointed an independent think tank, which was not only to assess Danish science communication, but also to suggest new initiatives. In its final report, the think tank argued that, indeed, more two-way communication between scientists and the public, i.e., more interaction, was needed. 10 Moreover, the think tank suggested allocating 2% of the total research budget in Denmark to science communication, which, depending on the exact interpretation of the choice of words, amounts to a lot of money, up to 13 million euros. Science communicators celebrate both recommendations, whereas politicians and scientists have hitherto been more reluctant to evaluate the call for more two-way interaction and the controversial 2% funding benchmark for Danish science communication.
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Purpose
The purpose of this study was to find out how Danish university researchers within the natural and engineering sciences respond to the "canonical" obligation. We wanted to map their general interest in using different media of science communication as well as their active participation in current science communication. Moreover, we wanted to find out what scientists think about the think tank's 2% recommendation, and what they believe ought to be done in order to strengthen science communication in Denmark.
Metode
We used the webbased SurveyXact©-system, developed and marketed by Rambøll Management. The system uses the Internet to handle questionnaire design, respondent lists, e-mail distribution, data collection and data analysis. We investigated scientists employed at six national universities, all of which offer natural and technical sciences: University of Copenhagen, University of Aarhus, University of Aalborg, University of Roskilde, the Technical University of Denmark, and the University of Southern Denmark. Since virtually all university employees have easy access to the Internet and e-mail, there are no methodological problems in using an Internet-based questionnaire rather than other methods such as telephone-interview or ordinary mail. 12 We had access to e-mail lists from the university-based popular science magazine Aktuel Naturvidenskab (Current Science). 13 The magazine is distributed to all of the scientists at the six universities mentioned above, and the editors have quite extensive e-mail lists. We also contacted the faculties concerned and gained access to their central e-mail lists. Besides that, we supplemented the lists with e-mail addresses retrieved from the department home pages. In total, we gained access to 2,719 qualified and usable e-mail-addresses, which made up our sample of scientists.
The survey dealt with Danish scientists and the communication of science to the Danish public. We therefore chose to formulate the questionnaire in Danish only. We wanted to find out about the scientists' attitudes towards and interest in science communication as defined by the canonical obligation of the Act on Universities. Moreover, we were interested in learning more about their normative views on science communication in the news media, on what the kind of science communication the universities ought to conduct, and on the 2% recommendation of the think tank (see above). The questions were designed using questions from a similar questionnaire of Danish researchers in the humanities and from a quantitative analysis of British scientists based on face-to-face interviews.
14 Where appropriate, we modified the questions to fit our sample and the national context of our survey, see above.
The validity of the questionnaire was tested by the editorial board of Aktuel Naturvidenskab in September-October of 2004 (16 scientists were asked, 10 answered). We used their answers to correct factual flaws in the questionnaire, to modify a few of the questions and to correct all of the questions for potential misunderstandings due to wording.
The survey itself was made in two stints: in November 2004 at the Faculty of Natural Sciences of Aarhus University and in March-May 2005 at the five remaining universities. We distributed an introductory e-mail, which explained the purpose of the survey, referred to the national context of the survey in the form of the new Act on Universities, and provided our contact information. Furthermore, the e-mails contained a link to the questionnaire that would open in a new window. For security reasons and in order to trace each respondent individually, each scientist was given a unique identification number. The questionnaire took 10-15 minutes to fill in.
All the recipients were given two weeks to complete the questionnaire. After 10 working days we sent a follow-up reminder to those that still had not returned the questionnaire. Following the original deadline, we gave a further three days to those that were yet to answer. In total we received 1,038 completed forms and 142 partially completed, which corresponds to a response rate of 38.2% (calculated as Response Rate 1 as determined by the definitions of American Association for Public Opinion Research). 15 Before presenting the results of the survey, we would like to briefly assess the quality of our data. We do not know the exact number of scientists who work at the faculties of natural and engineering sciences of the six universities that were part of the survey. We do, however, have access to Danish research statistics, which includes information about Danish scientists at all of the 12 universities of the country in 2003. 16 Table 1 shows a comparison between the Danish research statistics and our sample. As table 1 shows, our respondents resemble the national population of researchers in 2003, when compared to the available "demographic" variables. Our sample has, however, a slight over-representation of senior lecturers and an under-representation of PhD students. We have attempted to adapt all subsequent results to this imbalance through a simple weighting of our data, and no difference between the weighted and un-weighted data is to be discerned. This imbalance thus has no qualitative bearing on our results. We will assume, however, that our survey has a certain over-representation of scientists that already hold a positive view of science communication. The assumption is based on the idea that such scientists are more inclined to make an active effort to answer the questions. However, it is not possible to say anything about the extent of this over-representation. The assumption will therefore be used very cautiously in the following analysis. 
Results
When it comes to fulfilling the new, "canonical" obligation of the Act on Universities, our respondents clearly believe the news media to be the most important, see chart 1. (The question in the heading is the question posed to the scientists.) The chart indicates that the respondents rank the media by their potential diffusion and the size of their target group. The four highest ranked media all aim at the broader public, while more targeted media rank the lowest. The same tendency is found when we compare the media in pairs. Public lectures, debates and science cafés are for example deemed to be more important than other kinds of oral presentations with a more restricted audience (Consensus conferences, workshops etc.). In the same way, inter-disciplinary popular science magazines are held to be more important than similar publications, which only deal with a single discipline. The fact that the respondents view the news media as being the most important, when it comes to disseminating knowledge about the results and methods of science, may thus tentatively be ascribed to the respondents' (correct) assessment that the news media has the widest distribution.
The news media also score well when the respondents have to indicate their own, personal interest in disseminating science, see chart 2. We note small variations among the media when comparing with chart 1. Apparently, our respondents do not take particular interest in writing popular books in order to disseminate knowledge to the public, whereas such books are deemed to have a relatively great importance for the universities (chart 1). Inversely, the respondents are interested in using personal home pages for science communication, yet the same medium is viewed as relatively being unimportant for the science communication of the universities. A part from these small variations, chart 2 exhibits the same tendency as chart 1: the broader media are of greater interest to the respondents than the more targeted ones. Chart 1. Different media ranked by the respondents' average evaluation of their importance to the universities. The Y-axis indicates the average importance of the media concerned, determined by the following scale: 1 = great importance; 2 = some importance; 3 = little importance; 4 = no importance. Please note that the lower the average score is, the greater the importance of the media in question.
We were somewhat surprised by the great support among our respondents for science communication through the news media. We did, however, ourselves estimate that the news media play an important role in fulfilling the universities obligation to communicate, and, so, , we asked them to express their level of agreement with a series of statements concerning the news media's science communication, see chart 3.
Not surprisingly, the respondents by and large agreed with the statement that the news media simplify scientific results. Inversely, they strongly disagreed with the statement that science communication in the news media is superfluous. This last result is in accordance with the high priority that the respondents apply to the news media when it comes to their own and the universities' science communication.
Generally, the respondents demonstrate a rather complex and nuanced perception of science communication in the news media. For example, our respondents tend to agree with the statement that science communication facilitates a better understanding of the possible uses of science, but at the same time they agree with the statement that science communication in the news media creates unrealistically high expectations with respect to the uses of science. In the same way, it is widely accepted that the news media's science communication contributes both to politicise and to strengthen science. Such statements do not necessarily contrast. The respondents probably find that science communication in the news media is broad-ranging and can be both positive and negative, as seen from the point of view of science.
Apparently, the respondents are not too worried about the news media producing an incorrect image of science in the public. On the contrary, it is widely agreed that the media contributes to improving the image of science. It seems that the respondents do not view the media as very critical of science, which might be surprising, knowing that journalist often feel a need to be critical of their subjects. 17 The new Act on Universities law says nothing about who is to be responsible for the new communication obligation of the universities. Therefore, we were interested in finding out where our respondents would place such a responsibility, see chart 4. Nearly half of the respondents (43%) find that the scientists themselves ought to handle the universities obligation to report scientific results. 54% would prefer for the responsibility to be placed elsewhere. Many of the almost 4% that chose other options specified that they would prefer that the scientists equally shared the responsibility with a communications staff, placed in separate communications departments. We were also interested in finding out what respondents believe that the universities ought to report to the public. Chart 5 shows the answers.
The vast majority of the respondents (86%) hold that the universities should communicate knowledge concerning new results of science. Also knowledge about possible uses of these results is given a high priority (78% of all respondents). At a secondary level the scientific view of the world is found (47%), while 30% of the respondents find that the universities should communicate knowledge about the ethical, social and political implications of science. This result must be seen in the light of the fact that we asked explicitly about the canonical obligation to science communication, which, as mentioned, is about diffusing "knowledge of the results and methods of science". We also mapped our respondents' participation in a long series of different media involved in science communication, see chart 6.
70-80% of all respondents have contributed to science communication on the Internet, while little more than half have participated in science communication in the news media. The lowest ranked media are the broad-ranging publications such as inter-disciplinary publications and popular books. Respectively, 59% and 75% of the respondents indicated that they have never participated in this type of science communication.
Finally, we were interested in finding out how our respondents view the recommendation of the think tank to allocate as much as 2% of the total research funding to communication activities. Chart 7 shows the answers. Chart 8 shows how the respondents would prefer using such funding. 53% of the respondents either agreed or totally agreed with the recommendation of the think tank, while 27% either disagreed or totally disagreed. This indicates a certain ambition among the respondents to increase efforts in science communication. We have to be very careful in simply transposing this conclusion to the full population of Danish scientists, because our respondents, in all likelihood, hold a positive view of science communication compared to those who did not return the questionnaire, as discussed above.
It is quite interesting to note, however, that within the uncertainties attached to these figures the support of the 2% recommendation is independent of all other variables in the analysis. For example, respondents of all ages, of both sexes and from all the disciplines involved all expressed the same amount of support for the recommendation. The same applies if the answers are distributed according to general interest in science communication (chart 2) and participation in science communication (chart 6). With respect to assigning greater priority to science communication in the future, it doesn't matter whether the scientists are active in communicating their science to the public, or whether they take a general interest in science communication.
Conclusions
Our conclusion is split in three: Firstly, we will compare our results with the above mentioned British survey, carried out between December 1999 and March 2000. Subsequently, we will draw into our considerations another Danish survey from 2005 that deals with scientists from all disciplines, with communications staff who work with science communication, and with a representative sample of the population. Finally, we will hint at some possible tendencies in scientists' view of science communication and their active participation in it.
The British survey concludes that the majority of scientists see it as their task to communicate science to political decision makers and to the broader public. 18 That goes for new research results as well as the social and ethic implications of science. In our survey we also note that the respondents tend to take an interest in science communication, cf. chart 2. The communication of social and ethic implications of science, however, is not widely supported by our respondents. This is probably because the university law's canonical obligation to communicate science only to a very limited extent incites this type of science communication.
In the British survey as many as 69% of all respondents answered that scientists should be responsible for the communication of social and ethic implications of science. 19 In comparison, only 43% of our respondents held that scientists should be responsible for fulfilling the canonical obligation to science communication of the universities. The two figures are not directly comparable. In spite of that, it is striking that so few of our respondents are willing to take the responsibility for science communication, even when it comes to disseminating knowledge of scientific methods and results. Not the least when it is considered that our sample probably has a certain overrepresentation of scientists that are already interested in science communication.
The result might be due to the fact that scientists have a heavy workload with research and teaching and hence would like to "outsource" the public communication of science to communications departments. In the above mentioned British survey a majority (60%) of the respondents stated that they do not have time to communicate their results to the public. Approximately the same percentage (56%) also mentioned, however, that they do not even have the time to do research. 20 The lack of will to take on the responsibility for science communication among our respondents may also be due to a professional assessment that communication staff is more professionally fit to handle science communication than the scientists themselves. One of our respondents wrote: "It would be very foolish to impose yet another task on scientists, and even one for which they are not even qualified. I believe that professional science communicators and public relations ought to be put in charge of communicating science from the university to the public."
The British scientists displayed an ambiguous view of science communication through the news media. On one hand, only 7% found the news media to be the most important target-group for their science communication. 21 On the other hand, TV, radio and newspapers are seen as the most effective means of communicating science to the public. 22 Our respondents also held a positive view of science communication in the news media, however mixed with some reserve. On the one hand, our respondents indicated that the news media are the most important media for the universities when it comes to fulfilling the canonical obligation to disseminate knowledge of scientific methods and results. The respondents also exhibited an interest in contributing personally to science communication in the media. On the other hand, the respondents agreed with both positive and negative statements concerning the role of the news media in science and research communication. Our results and the results of the British survey are clearly a sign of how very complex science communication in the news media is and thus also of the difficulty of expressing coherent views on the matter.
In any case, our survey and the British one both indicate that scientists do not hold negative views of the news media's broad science communication, but, on the contrary, critically and constructively evaluate the news media as a very important channel for communicating with the public. In other words, scientists are happy to appear in the news media, and seem to be well aware of both the dangers and the benefits of reporting science through this medium.
Evidently, this desire of scientists to appear in the news media entails a series of risks in the long term. Another Danish survey of science communication undertaken in 2005, based on focus group interviews, an Internet survey, and an opinion poll focuses on just such risks. 23 The survey points to a possible unholy alliance between scientists, who are under strong pressure to deliver more science communication, and journalists, who chase more scientific experts and more infotainment. If scientists and journalists uncritically collaborate so as to satisfy employers, commercial interests and the broad public, the increasing amount of science communication can have the following unfortunate side effects:
• Devaluation of the status of science: If scientists begin to appear in the media as commentators of matters unrelated to their own research field, and thus (ab)use their scientific status, their credibility might be lost. 24 In the above mentioned survey, approximately one-third of the scientists, journalists and private individuals that were interviewed, held the view that there are "too many scientists that simply present their own views in the media".
• Simplification of science: A vast majority of the scientists that were investigated hold the view that the news media simplify the results of science. (This result is in accordance with our own results, which show that our respondents tend to agree with the statement that the news media simplify the results of science.) Furthermore, the survey demonstrates that 70% of the participating scientists, journalists and private individuals find that journalists lack the skills needed to communicate science.
• Prostitution of science: The authors of the report express the view that scientists are tempted to use the news media to make their own science more visible, with a view to attracting further external funding. This conclusion is not directly documented, but is a consequence of the increasing external funding of science and the increased access of scientists to the news media in many different roles. Our own survey indicates that the scientists are well aware of the possible risks of an increase in science reporting in the news media and have a nuanced and critical view of this type of science
